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This manuscript is designed to compare the nutrient balances 
and trace element significance in Texas Bays and Estuaries. The 
task of assigning water quality criteria in all estuarine waters re ~~s 
with the federal Environmental Protection Agency. However, the Texas 
Bays and Estuaries represent a unique range of environments of the 
U.S. Coast that stand alone and therefore must be assigned standards 
appropriate to the environment. 
Therefore we have compared several Texas Bays relative to nut:c·ients 
and trace elements through an analysis of data from our files, a life 
history data bank from li,terature survey, a study of the Corpus Christi 
area, personal communication with a wide range of individuals ana 
information from the Texas Water Quality Board, Texas Water Deve~opment 
Board, the U.S. Geological Survey and the State Health Departillent . 
The following two sections, we hope will provide some g-..iideli:;,es 
for the evaluation of the Galveston Bay in terms of water quality 
standards. The large amount of environmental data available for the 
Texas Bays and Estuaries allow an estimate at this point in time> that 
will be subject to mqdification as new information is obtained , We 
should also point out that such evaluations as this do point out needs 
for future research. 
* Taken in part from a report on Development of Biological Criteria, Establishment 
of Guidelines for Texas Coast Management IAC-(74-75)-0685 NSF RANN-61-34870x. 
Nutrient Balances, Productivity and Organic Carbon Cycles 
Productivity and the balance of nutrients in their various cycles 
are valuable concepts for discussion of estuarine management. Analysis 
of productivity reveals information on the energy and nutrient flow 
through the estuary. Nutrients are regarded as governing agents because 
of their nature in limiting plant growth in the aqueous environment. 
The following discussion is developed as an approach to understand 
the carbon-nutrient balance of the Texas Bay systems. While a large 
amount of information is obviously available, our treatment should be 
considered as a preliminary mechanism for such logical development of 
cycles. For example there is very little information on the magnitude 
of export of fish and crustaceans from the bay systems during normal 
migration patterns and the loss through predation before they and the 
larval forms resulting from off shore spawning return to the bay system. 
We would hope that the following discussion would indicate the needs 
for new information to provide more complete analysis of the bay dynamics. 
The results of our analyses should be considered a minimum basis for 
decision making, and as such, are significant to allow some pertinent 
conclusions to be made. 
The analysis of productivity will be accomplished by the 
examination of known values for production, consumption, import and 
export of carbon. The next step will be to evaluate the impact of 
each of these parameters and how they might be managed as estuarine 
'• gains and losses. 
The discussion of nutrient balance in the estuarine system w111 
be weighed toward nitrogen. The widely recognized role of nitrogen 
as a limiting nutrient in estuaries (Ryther and Dunstan, 1971; Smith, 
1973) was the reason for its selection in this discussion. Local 
information is compared with recent recommendations concerning nitrogen 
for water quality management in Chesapeake Bay (Clark, et al., 1973). 
Productivity and Organic Carbon Cycles 
• I 
Considerable information is available concerning gross productivity 
in the Texas coastal bay system. Some results have been published as 
either carbon, oxygen or both, produced per unit of area or volume. 
Others have been published as standing crop of chlorophyll ~ and the 
attendant assimilation quotient. In order to standardize and tabulate 
the existing data, the following assumptions were made: 1. One gram 
of carbon fixed by plants during photosynthesis results in the release 
of three grams of oxygen gas (Finenko and Zaika, 1970). 2. The amount 
of carbon assimilated per gram of chlorophyll ~ is 2 grams per hour of 
daylight (Odum, et al., 1958). 3. The ratio of moles of oxygen gas 
produced per mole of carbon assimilated, that is, the photosynthetic 
quotient, is one (Cox, 1967). 4. Productivity values reported on a 
volume basis were corrected to an area basis using the average bay 
system depths from Table 1. 
A comparison was made of planktonic gross photosynthetic production 
for Corpus Christi, Galveston and San Antonio Bays. The results of 
this comparison are shown in Table 2. These three bays have been 
extensively studied by State agencies and represent the range 
of size, peripheral qevelopment and freshwater inflow values found 
in the Texas coastal zone. As can be seen from Table 1, gross 
productivity in Galveston Bay, on an area basis~ is double that of 
Corpus Christi Bay and nearly six times that of San Antonio Bay. Total 
TABLE 1 -"', Physical factors for selected Texas coast bays. 
Bay System Area Depth Voltirrie Freshwater 
103-- lOb Irif lows + rainfall 
acres km2 ft. M acre-ft Io6 acre-rt7yr ~c) 
Corpus Christi- 134 540 7.6 2.3 1.02 1.03 
Nueces (a) 
Copano-Aransas 140 570 5.9 1.8 0.83 0.59 (a) 
San Antonio 143 580 4.0 1.3 0.572 1.9 (a) 
Lavaca-Matagorda 238 960 5.9 1.8 1.40 1.8 (a) 
Galveston (b) 333 1,347 8.0 2.4 2,664 ll.6 
notes - a- Davis, 1973. b-Espey e·t al., 1971. c-Texas Water Plan, TWDB, 1968. 
d- This rate is computed DY Oividing volume by inf low; the actual 
flushing time would be much less due to lunar and wind-driven tidal 
exchange. Use of. this figure is for comparison only. 
"Flushir.)" 
Time . ~d) 
Years 
0.99 
1.4 
0.30 
0.78 
0.23 
' , 
TABLE 2 · Comparison of gross planktonic production for San Antonio, 
Corpus Christi and Galveston Bays 
Bay · ~ams C Eounds C kg c· :12ounds C 
m day acre day year year 
San Antonio1 1.0 8.93 2.12x108 4.66xlo8 
Corpus Christi 2 2.52 22.20 3.89x108 8.55x108 
Galveston3 5.87 52.46 2.90xl09 6.37xl09 
1Davis, 1971; Jack Nelson, Texas Water Developrrent Bd., personal 
corrurunication. 
2navis, 1971; Odum, E.P., 1959; Odum, McConnell & Abbott, 1958; 
Odum, et al., 1963; Odum & Wilson, 1962; Hellier, 1962; Odum, 
H.T., n6/. 
3Armstrong & Hinson, 1973; Espey, et al., 1971; Corliss & Trent, 1971 • 
• 
' 
' ' 
gross production of Galveston Bay is seven times that of Corpus Christi 
Bay and nearly fourteen times that of San Antonio Bay. 
Biotope specific productivities calculated for Corpus Christi Bay 
are shown in Table 3. While salt marsh and grass flat biotopes have 
the highest gross productivities per unit area, the bay planktonic 
biotope contributes the largest fraction of the total gross production. 
As can be seen from Table 3, the gross productivity of Corpus Christi 
Bay totals 1.21 x 109 pounds of carbon per year or 3.3 x 106 pounds 
per day. 
The metabolic balance in Texas bays is autotrophic. The ratio of 
production to respiration is approximately one (Odum and Hoskin, 1958; 
Odum and Wilson, 1962), especially in regard to the bay planktonic 
biotope. A partial verification of this may be found in comparing the 
gross productivity with the amount of carbon introduced by man as 
organic wastes or entering the bay as runoff. A P/R ratio of nonen 
would suggest a low external supply of carbon. Waste discharges in 
Corpus Christi Bay account for 5.04 x 105 pounds of carbon per year 
(*J. S. Sherman, Water Needs Task Force, personal COJIUIUlnication). This 
is 0.04% of the annual gross production. For comparison, Galveston Bay, 
with much more peripher~l development, receives an amount equivalent to 
2.1% of annual gross productivity from waste discharges (Armstrong and 
Hinson, 1973). A computation of organic matter received in Corpus 
Christi Bay from runoff can be made using average Nueces River flow 
information (Davis, 1973) and the organic loading factor used by the 
Estuarine Modeling Task Force (*George Murfee, personal communication). 
The organic matter contributed by runoff according to these calculations, 
*NSF-RANN Grant GI 34870X and grant from Office of the Governor of 
Texas IAC (72-73)-806. 
TABLE . 3 - Gross production by biotope for Corpus Christi Bay. 
Biotope Mean Productivity 
wa_c/m2 lbC/A 
ay day 
Bay Plank.tonic1 2.5l 
Grassflat2 3.83 
Saltmarsh3 3.70 
Intertidal Flats40.90 
22.3 
34.2 
33.0 
8.03 
Samples 
30 
ll 
6 
5 
Min. 
grriC/Jri2 
day 
0.09 
0.8 
0.31 
0.41 
Max. 
gmC/m2 
day 
8.87 
11.4 
7.44 . 
2.35 
S.D. 
~c/!{ 
~, 
2.53 
3.1 
3.0 
0.82 
Acres 
105,456 
18,894 
7,579 
8,980 
lbC/yr. 
8.55x108 
2.36xlo8 
9.13xlo7 
2.36x107 
KgC/yr 
3.89x108 
l.07xlo8 
4.15xl07 
S.48x108 
1navis, 1973; Odum, E.P.- 1959; Odum, McConnell & Abbott, 1958; Odum et al., 1963; Odum & Wilson, 1962; 
Hellier, 1962; Odum, H.T. 1967. ~ ~ 
20dum, Burkholder & Rivero, 1959; Hellier, 1962; Odum, H.T. 1967; Copeland, 1965; Waite, 1972; 
Pomeroy, 1960; Odum & Hoskin, 1958; Odum, H.T. 1963; McMahan, 1968; Odum, McConnell & Abbott, 1958. 
_30c1um, McConnell & Abbott, 1958; Corliss & Trent, 1971; Williams & Murdoch, 1966; Keefe, 1972; 
Smalley, 1959. 
4copeland, 1965; Burkholder, Repak & Sibert, 1965; Pamatmat, 1968; Gr¢ntned, 1960; Pomeroy, 1959. 
amounts to 6.55 x 106 pounds of carbon per year or 0.54% of the annual 
gross productivity. This compares closely with the value of 0.4% for 
Galveston Bay (Armstrong and Hinson, 1973). These data confirm that 
imported organic carbon is a minor contribution to the carbon budget 
of both Corpus Christi and Galveston Bays. Also of interest is the 
much smaller organic waste loading in Corpus Christi Bay relative to 
Galveston Bay. 
Turning from mechanisms that bring carbon into the bay to those 
which remove it, we. find that one of the most easily quantified forms 
of carbon removal from the bay system is the commercial catch of fish, 
shrimp, crabs and oysters. These data are reported in the catch 
statistics published by the National Marine Fisheries Service. Table 
4 shows the catch for ~everal bays along the Texas coast for ten 
recent years. There are several points of interest in these data. 
There are large fluctuations in catch from year to year. Also, the 
catch of shrimp relative to fish is much larger in Galveston and 
San Antonio Bays. 
The rate of carbon removal can be determined by using the ten 
year average catch for Corpus Christi Bay. This catch represents 
5.83 x 104 pounds of carbon dry wt. per year, or 0.048% of the annual 
productivity as shown for all biotopes in Table 3. This value can be 
used only for Corpus Christi Bay as we have not made the same 
productivity calculations for all biotopes of Galveston Bay. 
There are currently two estimates of harvest by sports fishing. 
' The first is based on interpretation of a pilot creel census conducted 
in August, 1973. Details of this census are given in Chapter III. 
The preliminary report of the census estimates 12,206 pounds of fish 
TABLE 4 Corrunercial Catches in Some Texas Bays 
Corrunercial catch in thousands of pounds - Fish 
year Corpus Christi Aransas-Copano San Antonio Galveston 
1972 316.8 683.9 205. 5 . 493.7 
1971 216. 5 626 .1 259.6 212.2 
1970 113.2 430.3 213.2 332.0 
1969 91. 7 728.2 84.7 556.7 
1968 114.0 509.8 161.2 519.9 
1967 250.8 327.7 287.9 767. 9 
1966 81.4 468.6 241.4 592.6 
1965 59.1 551.f'I- 79.4 875.5 
1964 56. 3 552.4 154.4 498.3 
1963 78.0 866.0 189.6 219.4 
10 yr ave 137.8 574.4 187.7 506 .8 
Comrrercial catch in thousands of pounds - Shrimp, Crabs and Oysters 
year Corpus Christi Aransas-Copano San Antonio Galveston 
1972 521.2 2,609.6 2,650.0 9,487.4 
1971 203.9 1,044.5 1,986.2 11,199.3 
1970 345.7 2,325.3 2, 060. 3 12, 101. 3 
1969 479.8 1,503.l 2, 636. 7 9,438.7 --
1968 634. 3 1,955.l 1,839.5 7,203.8 
1967 514.7 647.5 1,813.8 6,228.5 
1966 657.2 823.9 1,159.7 7' 383.4 
1965 567.2 985.3 2,376.5 10,600.1 
1964 295.3 886.8 2,250.8 9,534.1 
1963 236 .s 482.1 1,436.0 6,736.8 
10 yr ave 445.6 1,326.3 2,031.0 8,991.3 
I. 
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caught by sportsf ishermen and is believed to represent 20% of the total 
sportsfishing catch of Corpus Christi Bay during the 28 day survey. 
Direct extrapolation to one year gives an annual harvest of 7.93 x 105 
pounds of fish, or about 575% of the commercial harvest. However, 
comparison of the same sportsfishing data with the August commercial 
fish catch gives the ratio of 61,030 pounds of sports fin fish to 85,848 
pounds of commercial fin fish or the sports catch was 71% of the 
commercial catch exclusive of shrimp, crabs and oysters. An earlier 
estimate of sports catch was made for Texas Parks and Wildlife Dept. 
(Belden Assoc., 1960). The sports catch of red drum, black drum, 
speckled trout and flounder for that year was about 700% of the 
commercial catch for these four species. From these data, the range 
of the annual sports catch varies from one to seven times the commercial 
fish catch exclusive of shrimp, crabs and oysters. Consequently, from 
0.06% to 0.12% of the annual gross production of Corpus Christi Bay 
can be accounted .for as removed by man's harvest of fish, crabs, shrimp 
and oysters. These figures overlook the catches by sports shrimpers. 
There are approximately 10,000 sports shrimpers licensed by the Texas 
Parks and Wildlife Dept. The Belden survey (1960) estimated sports 
shrimping catches at 1,500,000 to 3,ooo,ooo pounds of shrimp per year, 
but admitted to a very small sample of sports shrimpers from which to 
base their estimates. It is understood that the Parks and Wildlife 
Dept. plans another s~rvey of sports shrimpers in the near future. 
Another parameter that may be considered in measuring the energy 
flow of the bay is the amount of carbon composing the standing crop 
of organic material. This may be measured from particulate and 
dissolved organic carbon analyses. Data Table 5 (Maurer, 1971; 
Reimers, 1968; Wilson, 1962) give a standing crop for Corpus Christi 
Bay of 1.95 x 107 pounds of carbon. This can be compared with the 
daily carbon production values for the same area of 2.3 x 106 pounds 
to indicate a relatively rapid carbon turnover (Table 6). This analysis 
accounts for organisms up to the size of zooplankton, but not for the 
larger swirruning organisms. Monthly values for fish biomass in the 
Laguna Madre (Hellier, 1962) vary between 18 and 337 pounds of fish 
per acre. The Laguna Madre has a higher density of fish than Corpus 
Christi Bay. However, if the Laguna Madre values were used for Corpus 
Christi Bay, the fish biomass contribution would be between 1% and 12% 
of the standing crop of carbon. 
The time required for inputs and productivity to replace the 
carbon in the standing crop is called the residence time. Table 6 
shows a sample calculation of residence time of carbon in several 
Bays, omitting fish biomass. In this case, residence time is 5.9 days 
for Corpus Christi. In the case where the maximum fish biomass is 
considered, the residence time becomes 7.1 days. The contribution of 
waste input carbon is so small as to have no effect on the residence 
time. 
The final step in this analysis is to relate the importance of 
this information to management. Subject to mants control, the amount 
of carbon input as waste and extracted as harvest is so small relative 
to the carbon balance of the bay as to produce little effect. Other 
aspects of management which may have some significance are control 
of waste discharge qt.iality, as opposed to the amount of carbon in the 
discharges, and enforcement of fishing laws to prevent ecological 
upset by over harvesting of some particular species. Otherwise, to 
reiterate, it does not appear from the data that mants influence over 
Table 5 
Dissolved and particulate organic carbon measurements - Texas coast 
Wilson 1 96'3 dies. total org C mg/l wet combustion 
Area data min max ave. N 
Sabine Lake Apr. 7,62 11.2 1 9.6 1 4. 7 1 2 
Galveston Bay Feb 24, 62 3.4 20.0 8.7 1 5 'Houst~:m ~Ship C 
" 
8.8 11 .o 1 0.1 4 San Antonio Mar 10.62 7.2 39.0 16.4 9 Aransas Bay 
" 4.0 8.4 1).87 3 Corpus Christi 17-18May 60 6.1 41 • 5 19.0 1 2 
Laguna Madre 
" 
21 .o 47.8 27.4 10 
Baff in BAy 23 Apr. 60 80.0 91 .o 85.5 2 
Gulf off PA 20 Aug 60 1 .3 2.8 2.0 11 
CC Bay 12-17 Feb 62 3.6 1.1 ~6 6.3 17 
CC Inner Harb. 1 2-1 7" 5.2 1 o.8 8.6 7 
Redfish Bay-
Intracoastal ti 5.5 9.4 7.3 8 
Laguna Madre 
" 
7.0 16.4 9.3 10 
Reimers, 1 968 DOC POC 
C C Bay min max ave N min max ave N 
Feb 21 68 1 .6 2.5 2.1 8 1.4 3.0 2.3 5 
March 1 68 1 .9 1.9 1.9 3 2.5 2.9 2.1 2 
March 14 68 1 • 3 3.7 2.8 8 1 .8 3.0 2.4 7 
Apr 1 5 68 1 '5 2.1 1 .8 4 1. 5 3.8 2.6 4 
May 68 2.6 4.1 2.9 4 3.9 4.5 4.2 4 
total ave. DOC = 2.3 POC = 2.1 TOC = 5.0 
Maurer 1 971 Dissolved Org C 
Area Date min max ave N 
. 
CC bay prob 1970· 4.2 5.9 4.8 3 
Laguna Madiee 
" 
3.6 11 .1 7 .1 1 5 
Copano-Aransas Ii 3.7 5.3 4.4 10 
San Antonio 
" 
3.2 4.0 3.6 6 
Matagorda 
" 
3.6 4.9 4.1 8 
Galveston Bay Project TOC - Beckman 
min max ave N 
Jan ':72 · 13 22 16.2 4 
Apr. 72 34 43 39.1 6 
July &2 72 31 87 52.2 I) 
E.M. Davis -
T.o.c. 
Rurvey c. c. Bay La Quinta channel area 7/72-6/73 
ave= 12.78 min= 5 max= 19 ppm C 
TWDB unpublished surveys - J. Holland collect ion TOC 
Aransas-Capano Bay. min=3.0 4/12/73, max= .68.0 8/15/73 
Corpus Christi mina2.0 4/10/73, max= 63.0 7/12/73 
' 1972-73 
avg "' 21 .·r 
avg a 19.8 
the carbon balance of Corpus Christi Bay is of sufficient magnitude 
to be used as a management tool. 
Nutrient Balances in Texas Bays 
It is widely accepted that estuaries are highly productive because 
of high nutrient concentrations maintained by runoff and rapid recycling 
within the estuary. This is especially true of the Texas estuaries 
where offshore upwelling does not exist and primary nutrients originate 
from land. One of man's impacts on the coastal zone is to alter 
natural nutrient inf low, sometimes to the point where sewage or 
industrial wastes cause undesirable effects such as algal blooms. 
The task force on estuarine modeling of Corpus Christi Bay has worked 
out the reactions influencing the spatial variation of nutrients within 
the bay system. The purpose of this section is to provide an overview 
of the sources of nutrients and the pathways by which nutrients are 
lost, comparing Corpus Christi Bay with other Texas bays, and to attempt 
to integrate this information with the discussion of productivity. 
One of the results will be to show that past productivity of our 
area has produced a fertile estuary. Now that man has altered the 
upland drainage by agriculture and water management measures such as 
dams, nutrient flow into the bays has changed. We would hope that an 
understanding of nutrient balances could be used as a tool to manage 
the flow of nutrients to the estuaries . 
The amount of nutrients available to phytoplankton at any moment 
in time in the waters of Texas Bays can be evaluated from analyses for 
ammonia, nitrate, nitrite, phosphate and total phosphorus . Nutrient 
information has been compiled from Corpus Christi, San Antonio and 
TABLE · 7 ·. Summery of Nutrient data, averages in rng/l 
Bay System 
Nitrogen 
Inorganic Organic 
Phosphorus 
Inorganic Total 
Corpus Christi-1952 
1972-73 ,~ 
1972 
San Antonio-1970-71 
1972-73 
Galveston Bay 1968-72 
Trinity Bay 
Main Galv. 
East Bay 
West Bay 
0.18 
0.16 
0.61 
0.28 
0.39 
0.44 
0.16 
0.13 
0.62 
.96 
.80 
• 76 
.60 
0.04 
0.015 
0.031 
0.13 
0.16 
0.04 
0.18 
0.20 
0.49 
o.ss 
0.27 
0.18 
TABLE 9 , '' , Sources of nutrient data. 
Bay System 
Corpus 
n 
Nutrients 
P04-P 
NH3, N03, N02 
ro4, Total P Org. N 
n NH3, N03, N02 
ro4, total P 
San Antonio No2, N03, P04 
n 
ro4, Total P 
Galveston NH3, N03 
Total P, 
Organic N 
Source Retrieval & Analysis 
Hood, 1952 manual average 
J. Holland, unpublished 'IWDB Coastal 
1972-1973 surveys Data System 
E.M. Davis, unpublished ENVIR Data Bank 
1972 surveys 
Cechova & Davis (1973) weighted average 
1970-71 survey 
TWDB, unpublished 
1972-73 survey 
Galveston Bay Study 
1968-1972 surveys 
TWDB Coastal 
Data System 
ENVIR Date?- Bank 
Galveston Bay. The average nutrient concentration averages are shown 
in Table 7. The data sources and data reduction methods are shown 
in Table 8. Table 9 is a summary of nutrient data for Galveston Bay. 
In estuarine systems, the limiting nutrient is usually nitrogen. 
Smith (1973) reported that nitrogen was apparently limiting in Corpus 
Christi Bay, Aransas-Copano bays, San Antonio Bay and Matagorda Bay 
as shown by algal growth potential studies. Ryther and Dunstan (1971) 
suggested that nitrogen is usually the limiting factor for algal growth 
in the coastal marine environment. In a LSU Sea Grant Publication 
Aquanotes Vol 3 April 1974, Dr. Patrick reports that nitrogen is limiting 
to Spartina growth in Barataria Bay. In the highly turbid bays of the 
Texas coast, light may be as rrruch a limiting factor as inorganic 
nutrients (Armstrong and Hinson, 1973). 
The average levels of inorganic nitrogen in Corpus Christi Bay 
are less than those in the main part of Galveston Bay, in Trinity 
Bay, the portion of Galveston Bay receiving the Trinity River discharge, 
or in San Antonio Bay. Ho'M':ver, the nutrient levels are about the 
same as the East Bay and West Bay portions of Galveston Bay which are 
relatively little affected by rivers and discharges. 
The nitrogen in marine systems is recycled rather rapidly, 
inorganic nitrate or ammonia is taken up by phytoplankton which in 
turn release organic matter containing nitrogen into tre water during 
photosynthesis. When the phytoplankton are consumed by filter feeders 
and the filter feeders are consumed or die, both dissolved and 
particulate organic matter are released. The dissolved and particulate 
organic matter is decomposed by microorganisms thereby releasing 
inorganic nitrogen to maintain a cycle. The level of dissolved organic 
nitrogen may be used as an indicator of the nitrogen available for 
productivity. 
The nutrients required to support the day to day productivity 
of the bay come mainly from regeneration where the decomposition of 
organic matter by microorganism releases the nutrients at a relatively 
rapid rate. This is shown by the calculation of carbon turnover time 
equal to betv..ieen 5 and 18 days (Table 6). The gross productivity within 
the Corpus Christi Bay Planktonic biotope of 22.3 pounds of carbon per 
acre per day (Table 3) implies a nitrogen requirement of about 3.9 
pounds of nitrogen per acre per day or 1432 pounds per year based on 
the usually accepted average atomic ratio of C:N:P = 106:16:1. The 
average inorganic nitrogen concentration in Corpus Christi Bay is about 
0.18 ppm-Nor 3.7 pounds per acre assuming an average water depth of 
7.6 feet. The turnover time is therefore 3.7/3.9 = 0.95 days which 
i's substantially faster than the carbon turnover time. It should be 
emphasized that the above figures apply only to the planktonic 
productivity; production in grassf lats and algal mats depends on 
nutrients recycled within the sediments which we have not evaluated 
for Galveston Bay at this time but do have data for Corpus Christi 
Bay (Table 3). 
The cycling of nutrients within the bay is not completely 
efficient, there are losses to the sediment, to the Gulf of Mexico, 
and by the harvesting and migration of fish and shrimp. These losses 
are replaced by various sources of nutrients. 
The following sources of nutrients are believed to be significant 
for Texas bays: 1) river flows, 2) direct runoff, 3) precipitation, 
4) release from sediments, 5) fixation by microorganisms, 6) municipal 
Table 6. Carbon and Nitrogen Turnover Times 
Gross ProductivityCa)gm C/m2-dy 
equivalent N 
TOC 72-73 (b) gm C/m3 
68 
60-62 
(c) 
(d) 
TOC standing crop 
high estimate 
low estimate 
Turnover time C 
high estimate 
low estimate 
Inorganic Nitrogen 
high estimate 
low estimate 
Standing Crop N 
high estimate 
low estimate 
Turnover time N 
high estimate 
low estimate 
(a) see Table 2 
II 
gm C/m2 
II 
days 
days 
gm N/m3 
II 
gm N/m2 
II 
days 
II 
Corpus 
Christi 
2.52 
0.44 
19.8 
5.0 
19.0 
45.5 
11.5 
18 
4.6 
0.18 
0.16 
0.43 
0.38 
0.98 
0.86 
(b) CC data from TWDB, Galveston form GBP 
(c) Reimers, 1968 dissertation 
(d) Wilson, 1963 dissertation 
San 
Antonio 
1.0 
0.17 
16 .4 
21.3 
21 
0.61 
0.28 
0.8 
0.36 
4.7 
2.1 
Galveston 
5.87 
1.0 
35.8 
8.7 
85.9 
20.9 
14.6 
3.6 
0.44 
1.0 
1.0 
Dissolved and particulate orf,"anic carbon 
Wilson 1 963 dies. total org C mg/l wet 
Area data min mil.X 
Sabine Lake Apr. 7,62 11 • 2 1 9.6 
Galveston Bay Feb 24, 62 3.4 20.0 
Houston Ship c II 8.8 11.0 
San Antonio Mar 1 o.62 7.2 39.0 Aransas Bay II 4.0 8.4 
Corpus Christi 17-1 8May 60 6.1 41 • 5 Laguna Madre II 21 .o 47.8 
Baff in BAy 23 Apr. 60 80.0 91.0 
Gulf off PA 20 Aug 60 1 • 3 2.8 
CC Bay 12-17 Feb 62 3.6 1.1 .. 6 
CC Inner Harb. 1 2-1711 5.2 1 o.8 
Redfish Bay-
Intracoastal II 5.5 9.4 
Laguna Madre II 1.0 16.4 
DOC Reimers, 1968 
C C Bay min max ave N 
Feb 21 68 
March 1 68 
March 14 68 
Apr 1 5 68 
May 68 . 
1.6 2.5 
1 .9 1 .9 
1.3 3.7 
1,5 2.1 
2.6 4.1 
total ave. DOC= 2.3 POC = 2.7 
:Maurer 1971 Dissolved Org C 
Area Date 
cc b ·y prob 1970 
Laguna M adee II . 
Capano-Aransas 
" San Antonio II 
Matagorda II 
2.1 8 
1.9 3 
2.8 8 
1.8 4 
2.9 4 
min 
4.2 
3.6 
3.7 
3.2 
3.6 
Galveston Bay Project TOC - Beckman 
measurc,rr.c::. ~ .· ;..: -· Texas coast 
com bus~ ior. 
ave. N 
14. 7 1 2 
8.7 1 5 
1 0.1 4 
_ 16.4 9 
5.87 3 
1 9.0 1 2 
27.4 10 8s.s 2 
2.0 11 
6.3 17 
8.6 7 
7.3 8 
9.3 '10 
POC 
min max avo 
1 .4 j.O 2. ) 
2.5 2.9 2. 7 
1 .8 3.0 2.4 
1 • 5 3.8 2.6 
3.9 4.5 .. ; .• 2 
max ave N 
5.9 4 .. 8 3 
11 • 1 7 .1 1 5 
5.3 4.4 10 
4.0 ,}.6 6 
4.9 4.1 8 
min max U.Vf:. ·N 
Jan 72 1 3 22 16.2 4 
Apr. 72 34 43 39 .1 6 
July &2 12 31 87 s 2 .. 2 :; 
N 
5 
2 
7 
4 
4 
E.M. Davis -
T.o.c. 
Rurvey c. C. Bay La Quinta channei area 7/72-f,/ f~ 
. 
ave= 12.78 min= 5 max= 19 ppm C 
TWDB unpublished surveys - J. Holland collection TOC · 1972-7.'i .... 
Aransas-Capano Bay . min=3.0 4/12/73, max= 68.0 8/1 5/73 avg = 21 . ·r 
Corpus Christi min•2.0 4/10/73, max= 63.0 7/12/73 avg= 19.8 
I 
-
... 
I • 
I " 
... · .~ , . 
Table 9 
Summary of nutrient data from Galveston Bay May 10,74 WBB 
-period searched is 1968-1972 , averages are weight ed towards the 
earlier ~tations because many were dropped during later parts of the 
study. 
Form 
Main 
Trinity Bay West Bay East Bay Galv. 
Organic N - diss ppm-N mean 0.964 
max 5.46 
std. mdev. 0.58 
Nitrate N ppm-N 
Nitrite N ppm-N 
Ammonia N ppm-N 
mean 0.283 
max 1 .50 
s~d.. 0.28 
mean 0.035 
max 0.64 
s.d. 0.061 
mean 0.071 
max 3.5.0 
s.d. 0.28 
Total inorganic N - ppm-N 
Total inorg. + org N ppm-N 
0.389 
1 .533 
Total P ppm-P mean 0.486 
max 2.00 
std.d 0.26 
Stations for Trinity 24,25,26,27,38,39,42 
West Bay 12,1.3,14 
East Bay 29,30,40 
0.59~ 
3.00 
0.40 
0.106 
0.80 
0.1 0 
0.011 
0.13 
0.013 
0.014 
o. 70 
0.060 
0.131 
0.730 
0.178 
1. 70 -
0.16 
o. 759 
4.20 
0.50 
0.11 2 
0.40 
0.071 
0.012 
0.080 
0.014 
0.033 
1 .30 
0.148 
0.1 57 
0.916 
0.274 
0.90 -
0.1 5 
0.178 
1.80 
0.29 
0.11 
7 .10 
0.44 
0.1 51 
5.30 
0.41 5 
0.439 
1 .240 
0.549 
4.20 
0.43 
Main Galv. 15,16,17,18,19,20,21,22,23,28,41,2,3,4,5 
and industrial discharges. In the following sections we will attempt 
to evaluate these sources. 
Fairly good measurements of river flow and nutrient concentrations 
are available for Texas bays, although in many cases the ungauged flow 
is significant. Smith (1973) summarized the gauged flows of nutrients 
into four Texas estuarine systems, including Corpus Christi and San 
Antonio bays but excluding flows associated with hurricanes. Armstrong 
and Hinson (1973) have summarized gauged flows for Galveston Bay. 
Both of these summaries are based on U.S.G.S. streamflow monitoring 
stations. The year to year variation is quite substantial, because of 
climatic fluctuations and long range changes in the drainage areas. 
In proportion to its volume, Corpus Christi Bay received llUlCh less river 
flow than the other two bays, and correspondingly less nutrient input. 
Direct ungauged runoff is more difficult to estimate, the Texas 
Water Plan (TWDB, 1968) gives estimates of 0.03 million acre-feet per 
year for Corpus Christi mainly from Oso Creek (4.3% of total input), 
0.2 for San Antonio (13% of total), and 2.1 from adjacent coastal basins 
for Galveston Bay ( 20% of total runoff). Apparently the effect of local 
runoff is small for Corpus Christi as far as nutrient and fresh water 
additions are concerned. 
The significance of nutrients in rainfall is well known for many 
environments, particularly as a source of inorganic nitrogen, however, 
we have not found any previo~s evaluation of this source for Texas 
estuaries and llUlst rely on extrapolation of measurements made in other 
environments. Table ' lo gives a summary of some of the literature 
on nitrogen in precipitation. 
Table 10 Nitrogen from precipitation 
Environment Reference Mean Nitrogen Content 
in mg-N/liter rain water 
NH3-N N03-N 
Maritime, N. Europe Vaccaro (1965) 0.31 0.056 
Continental USA tt 0.32 0.52 
Oceanic, Bermuda tt 0.069 
Central Florida Brezonik (1972) 0.13 0.065 
Information from conversations with several soil chemists at 
Texas A&M suggested estimates of precipitation input in coastal areas 
ranging from 3 to 10 pounds of nitrogen per acre per year; 6 pounds 
, 
per acre per year with a 45 inch rainfall corresponds with a concentration 
of 0.58 mg-N/liter. Brezonik (1972) gives an average of 0.58 gm-N/square 
meter per year for rainfall plus dustf all for Florida lakes; this 
corresponds to about 5 pounds per acre per year. In addition to the 
inorganic forms of nitrogen, there can be substantial input of organic 
nitrogen in rainfall. Edmisten (1970) reports measurements of total 
nitrogen, both organic and inorganic, in rainfall in Puerto Rico of 
0.46 mg-N/liter. A value intermediate between continental and maritime 
averages seems appropriate for our coastal zone. We have decided to 
evaluate the importance of precipitation on the basis of 0.4 mg-N per 
liter. For Texas Bay areas of 1.5 million acres of water, this 
represents a significant natural source of nutrients. 
Release from Sediments 
A certain fraction of the organic matter produced within the 
bay drops to the bottom where it is available to benthic organisms 
including microorganisms, resuspended by wave action or dredging, or 
lost from the system in a permanent sedimentary deposit. The recycling 
of nitrogen from this organic matter is hard to evaluate, but it is 
probably very substantial. It is instructive to calculate the amount 
of nitrogen within the top centimeter of sediment. Assuming a specific 
gravity of the sediment of 1.3, and a 50% water content (Shepard & 
Moore, 1955) and an organic nitrogen content of 0.043% (Jones, 1960), 
there are 2.8 grams of nitrogen per square meter in a 1.0 cm layer. 
This corresponds to 25 pounds per acre which is roughly 6 times the 
amount of inorganic nitrogen in the water column. 
Nitrogen gas can be fixed by blue-green algae and by bacteria. 
However, the amount of information available on this source in estuaries 
is quite small. Patriquin and Knowles (1972) have shown that nitrogen 
fixation in the rhizosphere of marine grasses is sufficient to account 
for the nitrogen requirements of these plants. Brooks et al. (1971) 
detected nitrogen fixation in the upper 2 - 5 cm of the sediments of 
the Waccasassa (Fla.) estuary amounting to the equivalent of 3.3 pounds 
of nitrogen per acre per year. The fraction of this nitrogen which is 
released to the water column is unknown. Nitrogen fixation within the 
water column was detected only once out of four experiments in the 
Waccasassa, and then at a low rate. 
Estimates of nitrogen input from industrial and domestic sewage 
discharges were provided by the Water Needs and Residuals Task Force 
for Corpus Christi Bay. San Antonio Bay has relatively little industry 
or domestic discharge. No estimates were found for this source, but 
it is believed to be 'small. Two estimates for Galveston Bay are available. 
One by Armstrong and Hinson (1973) is based on population, assuming a 
certain level of treatment, the other estimate is being prepared in 
conjunction with the Galveston Bay Project by the Texas Water Quality 
Board. This estimate is based on a detailed analysis of all sources 
and is probably the most accurate. 
Summaries of these nitrogen sources are shown in Tables 11 and 
12 in terms of thousands of pounds of nitrogen per year, pounds per 
acre, and relative importance of each source. A number of interesting 
points are brought out in these tables. One point is that in both 
Galveston Bay and Corpus Christi Bay, industrial and domestic discharges 
supply a large fraction of total nitrogen input, but the per acre 
loading is rrruch higher in Galveston Bay. Among the natural sources, 
rainfall is a greater source of nitrogen than river flow in Corpus 
Christi Bay, but it is relatively small in San Antonio and Galveston 
Bays. 
Nutrient Losses 
Nutrients may be lost from the bay system by the following 
processes: 1) harvest of organisms, 2) sedimentation, 3) outflow 
to the Gulf of Mexico, 4) mixing with Gulf waters during tidal exchange, 
5) denitrification (nitrogen only). We have attempted to evaluate only 
1,2, and 5 in the following section, and assume that 3 and 4 are 
responsible for the remainder of the losses required to balance the 
inputs. 
The losses of nutrients from the system due to commercial and 
sport fishing catch can be evaluated on the basis of the average 
composition of fish and shrimp; 0.10 lb carbon, 0.03 lbs nitrogen, and 
0.002 lbs phosphorus per pound of organism (Vinogradov, 1953; Stansby 
and Hall, 1967). Table 13 gives the estimated rate of loss of carbon, 
nitrogen and phosphorus from the Corpus Christi Bay system due to 
Table ll Nitrogen Input and Freshwater Inf lows 
Bay System ye ars Ref 
Corpus Christi 62-71 ccw 
53-71 ccw 
62-71 EMD 
53-71 EMD 
41-57 TWP 
model ''wet year" "70" MOD 
mode 1 "dry year" TT 70" MOD 
ave 3 wet years (c) EMD 
ave 3 dry years (d) EMD 
San Antonio 41-57 TWP 
61-71 EMD 
Galveston 41-57 TWP 
?- 73 GBP 
? A&H 
Average 
gauged flow 
acre-ft/ yr l03lbs N/yr 
x 106 
0.574 228. 
o. 581 567. 
0.7 
12 675 ( a) 11.6 
' 0 . 096 150.8 
1. 586 2, 129 
0.095 112. 
1.5 
2, 170 
10.2 
7.6 
15,103 
Average 
precipita t ion 
acre-ft/yr Io3 lbs N/yrCb) 
x io6 [s 1 0.4 ppm-N 
0. 303 
0.312 
0.415 
0.194 
0.40 
1.4 
339. 
349 . 
451. 
2J.O. 
440. 
1,520 
Domestic & 
Industrial Discharges 
acre-ft/yr 103 lbs N/yr. 
x 106 
0.9o(e) 2,097 
0.90 2,097 
0.482 21, 260 
32,493 
refs CCW - Corpus Christi Int. Airport Weather Station, TWP - Texas Water Plan Texas Water Development 
Board, 1968. GBP - Galveston Bay Project, Texas Water Quality Board, 1974 unpublished . 
A&H - Armstrong & Hinson (1973), EMD - Davis (1973), MOD - Estuarine Modeling Task Force. 
note a - this flow rate never occurs for more than a few weeks at a time 
b - based on areas, CC= 134,000 acre, SA= 143,000, GB= 341, ref TWP 
c - 1957,58,67 d - . 1955, 62, 63 e - includes cooling water 
Table 12 Nitrogen Inflows to Texas Bays 
Bay System Total N Input Relative Importance of 
each source - % 
103 lbs/yr River Rain Ind.+ Dom. 
Corpus ave 62-71 2,664 19.9 8.5% 12.7% 
ave 3 wet years (a) 4, 677 34.9 45.5 9 .6 
ave 3 dry years (b) 2,419 18.0 4.6 8 .6 
s. Antonio ave 61-71 2,610 18.3 83.1% 16.9% 
Galveston recent? (d) 49, 116 144. 30.7 3.1 
?-74 (e) 37,883 111. 39.8 4.0 
a - using 1957, 1958, 1967 with n70 11 model Industrial & Domestic 
b - using 1955, 1962, 1963 with 11 7on model Industrial & Domestic 
c - no specific information available, assumed to be very low 
d - Armstrong & Hinton (1973) · 
e - Galveston Bay Project, unpublished 
78 . 7°/o 
44.8 
86.7 
O (c) 
66.l 
56 .1 
TABLE 13" Carbon, nitrogen and phosphorus equivilences of the 
average commercial catch and estimated sportf ishing 
catch of all organisms in Corpus Christi Bay. 
Units Carbon Nitrogen Phosphorus Total Weight 
pounds/day 197.4 59.2 4.0 1,974 
pounds/year 72,120 21,600 1,442 721,2002 
pounds/acre-year1 0.63 0.19 0.013 6.27 
1based on an area of 115,000 acres 
2assurres sports catch equals comrr~rcial catch of fin fish, Table IV A-4. 
,' >· 
. · 
TABLE ~14 ::r ~"'" ' / Carbon nitrogen and phosphorus removed per acre per year 
from three Texas Bays. 
Bay System Area 
acres 
Corpus Christi 115,000 
San Antonio 143,000 
Galveston 333,000 
Total 
Catch 
6.27 
15.4 
28.5 
Pounds per Acre per Year 
Carbon Nitrogen Phosphorus 
0.63 
1.54 
2.85 
0.19 
0.46 
0.86 
0.013 
0.031 
0.057 
commercial fishing and sport fishing. Table 14 gives the s ame information 
in terms of pounds per acre per year for Galveston Bay and San Antonio 
Bay i J c~mparison with Corpus Christi Bay, however, no estimate for 
sport fishing has been included in the catch for San Antonio or 
Galveston Bay. 
Sedimentation rates in Texas estuaries have been evaluated by 
Sheppard (1953) by comparison of surveys taken in the late 1800 1 s with 
recent surveys. Table 15 gives the sedimentation rates determined, 
with and without allowance for subsidence at 1.8 feet per century. 
Using the sediment specific gravity of 1.3 with a water content of 
50% given by Shepard & Moore (1955) with an organic nitrogen content 
of 0.043% (Jones, 1960), we can calculate the nitrogen loss rate shown 
in the Table. These should be regarded as very approximate since we 
do not have detailed sediment analysis for each bay. 
"' Table 15 Sedimentation rates in Texas Bays deduced from historical 
depth changes (Shepard & Moore, 1953). 
Rate Units Corpus San Antonio Galveston 
Depth change Ft/100 yr 1. 56 1.23 1.44 
Depth change + 
subsidence Ft/100 yr 3. 36 3.03 3.24 
Nitrogen loss - min lbs-N/acre-yr 11.9 9.25 11.0 
- max 25.5 23.0 25.0 
Denitrification the reduction of nitrate to N2 gas, is known , ) 
to be an important nitrogen sink in lakes, but its importance in the 
marine environment is less well defined (Brezonik, 1972). Denitrification 
can only occur under anaerobic or very low oxygen conditions, and these 
conditions only occur in the sediments and in the innermost harbor waters 
in Corpus Christi Bay. We have been unable to find information on 
denitrification in estuarine sediments, but the rates given by Brezonik 
for lake sediments and anoxic waters range from 8 to 330 micrograms N 
per liter per day. Denitrification in sediments can only occur near 
the interface between oxic and anoxic conditions where nitrate can 
diffuse into the sediment. Postulating a 0.5 cm layer for these conditions, 
100 micrograms N per liter per day corresponds to 1.6 pounds of nitrogen 
per acre per year. This is the same order of magnitude as nitrogen 
fixation, and since both processes are equally hard to determine, we 
have left them out of the final nutrient budget summary. 
Nitrogen Budget Summary 
Table 16 summarizes the sources, sinks and standing crops of 
nitrogen in Corpus Christi, San Antonio and Galveston Bays, as they 
have been discussed in this chapter. It is apparent that the higher 
fertilization rate in Galveston Bay is associated with a higher 
productivity and higher standing crop of inorganic nitrogen nutrients. 
The lCss ~ of nitrogen to the sediments could balance nitrogen inflows 
in Corpus Christi and San Antonio Bays, but not Galveston Bay. 
If industrial and ' domestic sewage treatment plant discharges 
to Corpus Christi ~ay were stopped, or their nitrogen content eliminated, 
the nitrogen inflow would drop to an average of 4.3 pounds per acre per 
year. The low inflow rate would soon cause a reduction in productivity, 
but the magnitude of this reduction cannot be determined at this time. 
IMPLICATIONS FOR MANAGEMENT OF BAYS AND ESTUARIES 
Man's activities have a strong influence on . the nutrient balance 
in Corpus Christi Bay, but a reduction of this influence would probably 
TABLE . l6 · · Sources, sinks and standing crops fol" Nitrogen in 
Three Texas Bays. 
Inf lows lbs-N/acre-yr 
Harvest lbs-N/acre-yr 
as a fraction of source 
Gross production lbs-N 
acre-yr 
and respiration (a) 
Loss in sediments 
- min lbs-N 
- max acre-yr 
Standing Crop 
Inorganic Nitrogen lbs-N 
acre-
(a) planktonic biotope only 
• . 
Corpus Christi San Antonio 
19.9 18.3 
0.19 0.46 
0.95% 2.5% 
la°54 424 
ll.9 9.25 
25.5 23.0 
3.72 3.05 
/ 
Galveston 
lll. 
0.86 
O. Tl% 
2490 
11.0 
25.0 
9.57 
I 
mean reduction of productivity. At the present loading rates, Corpus 
I 
Christi Bay does not appear to be exhibiting any symptoms of 
eutrophication except in localized areas such as back half of the 
inner harbor. There appears to be no need for reduction of nutrients 
in present effluents, and in fact, a reduction might be detrimental. 
River flow does not contribute a significant amount of nitrogen to the 
bay in average years, therefore, the main justification for maintaining 
river flows to the bay ITU.lSt be related to maintenance of a desirable 
salinity regime, or the addition of trace nutrients. 
The first symptoms of excessive nutrient levels are the appearance 
of nuisance algal blooms which would be unsightly, alter the food chain, 
and possibly lead to low oxygen levels in the bay during unusually caJJn 
weather. Galveston Bay, which exhibits nitrogen nutrient levels about 
twice those of Corpus Christi Bay, has definitely higher productivity, 
but does not (yet) exhibit nuisance algal blooms in the main portions 
of the bay. Therefore, we tentatively propose that the average inorganic 
nitrogen levels in Galveston Bay, 0.44 ppm-N, should be adopted as 
maximum nitrogen standard for the planktonic biotope of Corpus Christi 
Bay. The standard for inorganic nitrogen must be supplemented with 
one for total nitrogen because at the peak of an algal bloom, there is 
very little nutrient left in the inorganic form. Again using the 
Galveston Bay data, we suggest that a maxirmlm total nitrogen level of 
1.4 ppm-N should be adopted as a tentative standard. 
During this interpretation we examined all available information 
in our other data files for the past several years. You will note 
in Table 9 that the maximum values are considerably larger than those 
we recommend. An analysis of all data inAicated that these high 
values were due to a relatively few samples and therefore the average 
or mean was <Neighed toward the lower part of the range. At this time 
we are in the process of evaluating this series of high peaks. It is 
possible that they represent an analogy to the practices of farm 
fertilizing where a slug is provided.at periodic intervals. Nature 
may be supplementing this practice in our estuaries through bursts of 
rainfall that coincide with periods of dryness. Thus the nitrogen 
entering the bays at those times would give the high values observed. 
We do not know how to interpret this phenomenon at this time. 
Therefore one must be very cautious in interpretation of nitrogen 
allowable values and suggest the above allowable numbers as tentative, 
subject to change as our knowledge of the dynamics of bay fertilization 
becomes better known. 
As an index of nuisance algal blooms, a standard for chlorophyll a 
has been suggested for the Chesapeake Bay by Clark, Donnelly and Villa 
(1973). The limit they propose, which is based on local algal 
populations, is 0.040 mg chlorophyll a per liter. To maintain this 
level, they propose inorganic nitrogen limits of 0.80 ppm-N and a total 
phosphorus limit of 0.12 ppm-P04 (0.04 ppm-P). The Chesapeake nutrient 
data, ho<Never, shows ITillCh less organic nitrogen than is present in 
Texas bays, indicating that the dynamics of the nutrient cycles are 
different. At the present time, there is not enough chlorophyll a 
data available to suggest similar standards for Corpus Christi Bay. 
Trace Elements and Toxic Compounds 
Our approach to the subject of significance of trace elements in 
Texas bays, which coincides with that of the E.P.A., is to evaluate 
the existence and responses of estuarine populations in the face of 
natural levels of trace elements and toxic compounds. This yields in 
situ information concerning adverse effects. 'Where no adverse effects 
can be determined, trace element concentrations could be interpreted as 
being within natural tolerance levels. Controls to prevent exceeding 
safe levels such as waste discharge permits and changes in allowable 
discharges may become even more important in maintaining safe levels. 
We have made use of two concepts which we feel have been lately 
overlooked. First, trace elements at low concentrations are essential 
to all life forms. Examples are dietary requirements of Zinc and 
Manganese in chickens, Copper in pigs, and Cobalt, Magnesium, Iron and 
Selenium for nearly all organisms. Second, nearly all trace materials 
are present in sea water, thus exposing marine organisms to far more 
than is normally encountered by terrestrial or aquatic organisms. The 
behavior of these materials in sea water differs from their behavior in 
the laboratory due to chelation, adsorption and other effects caused by 
the presence of so many ionic forms as well as dissolved organic matter 
and sedimentary particles. 
The blanket form of the FWPCA water quality criteria published in 
1968 (FWPCA, 1968) led quickly to recognition that in some areas, 
naturally occurring background concentrations of some of the materials 
were in excess of the maximum allowable levels (Table 19). The 
National Academy of Sciences and National Academy of Engineering 
(NAS-NAE) were then given the task of recommending criteria which 
could cope with such environmental variations. These recommendations 
have been delivered to the Environmental Protection Agency (NAS-NAE, 
1974, in press). 
The proposed standards consist of three kinds of criteria. They 
are the application factors for various materials; maximum aqueous 
natural levels of trace e l ements and t oxic compounds. This yi e l ds i n 
situ information concerning adverse eff ects. Where no adver se effects 
can be determined, trace element concentrations could be inter pre ted as 
being within natural tolerance levels. Controls to prevent exceedi ng 
safe levels such as waste discharge permits and changes in allowabl e 
discharges may become even more important in maintaining safe levels. 
We have made use of two concepts which we feel have been lately 
overlooked. First, trace elements at low concentrations are essential 
to all life forms. Examples are dietary requirements of Zinc and 
Manganese in chickens, Copper in pigs, and Cobalt, Magnesium, Iron and 
Selenium for nearly all organisms. Second, nearly all trace materials 
are present in sea water, thus exposing marine organisms to far more 
than is normally encountered by terrestrial or aquatic organisms. The 
behavior of these materials in sea water differs from their behavior in 
the laboratory due to chelation, adsorption and other effects caused by 
the presence of so many ionic forms as well as dissolved organic matter 
and sedimentary particles. 
The blanket form of the FWPCA water quality criteria published in 
1968 (FWPCA, 1968) led quickly to recognition that in some areas, 
naturally occurring background concentrations of some of the materials 
were in excess of the maxi1TU.1m allowable levels (Table 19). The 
National Academy of Sciences and National Academy of Engineering 
(NAS-NAE) were then given the task of recommending criteria which 
could cope with such environmental variations. These recommendations 
have been delivered to the Environmental Protection Agency (NAS-NAE, 
1974, in press). 
The proposed standards consist of three kinds of criteria . They 
are the application factors for various materials; maxi1TU.1m aqueous 
concentration levels, and maximum concentration levels in prey organisms 
for the top level predatory birds and mammals. 
The application factor is designed to control the concentration of 
waste discharges by reducing their concentration to some designated 
fraction below a 96 hour lethal level. The instructions for ascertaining 
the 96 hr lethal levels include use of sensitive indigenous species and 
use of the local receiving waters as the test medium. This, it is 
hoped, will allow for adjustment of water quality criteria with regard 
to high background levels of various materials by integrating these 
background effects into the toxicity experiments. Finally, seasonal 
variation must be accounted for. The application factors for toxic 
inorganic materials are shown together with relative pollution menace 
in Table 17. The gereral application factor of 0.01 for toxic organics 
has been applied to 96 hr TLMSO data for local organisms and the maximum 
levels permissible for this area are shown in Table 18. Table 19 is a 
list of abundances of all elements as compiled from separate literature 
list cited. 
The aqueous concentration levels specifically recommended by 
NAS-NAE are limited to the toxic inorganics. Table 20 shows the 
hazard and minimum risk levels designated by NAS-NAE. The next column 
shows levels of some of these materials found in the open bay environment 
of Corpus Christi Bay. Of these only Boron and Iron sometimes exceed 
11hazardous 11 levels. In the restricted waters of the Corpus Christi 
and LaQuinta Ship Channels, levels of Zinc and Cadmium may exceed 
the 11hazard levels 11 by four to seven-fold (Holmes, et al., 1974; Texas 
Water Quality Board, unpub. data). The fourth column shows the range 
of these materials in sea water. The final column constitutes this 
To.ble 17 Application factor and pollution category for toxic 
inorganic materials.l 
SUBSTANCE 
Aluminum 
Amonia 
Antimony 
ArseniC1 
Barium 
· Beryllium 
Boron 
Bromine 
Cadmium 
Chlorine(Gas) 
Copper 
Cyanides 
Fluoride 
Iron 
Lead 
Manganese 
Mercury 
Molybdenum 
Phosphorus(demental) 
Selenium 
Silver 
Sulfi<les(pH 6.5-8.5) 
Thallium 
Uranium 
Vanaduim 
Zinc 
lNAS-NAE, 197 4. 
' . , 
APPLI CA TION2 
FAC1DR 
,, 
0.01 
0.1 
0.01 
0.01 
0.05 
0.01 
0.1 
0.01 
0.1 
0.01 
0.1 
0.1 
0.01 
0.02 
0.02 
0.01 
0.01 
0.05 
0.1 
0.05 
0.01 
0.05 
0.01 
POLLUTION3 
CATEGORY 
4c 
4c 
4c 
2c 
4c 
4c 
4c 
.4c 
2c 
4c 
4c 
3c 
4c 
4c 
la 
4c 
lb 
4c 
3c 
3c. 
2c 
3c 
.3C: 
4a 
3c 
/ 
2Fraction of TLMSO for most sensitive indigenous organism> tested in local w,:. r ,, -~3~ •A • 
Table 18 Maximum allowable environmental concentrations 
of selected pesticides. 
SUBSTANCE 
Heptachlor 
Aldrin 
Dieldrin 
Lindane 
Methoxychlor 
Endrin 
p, p 1 -DDT 
Delnav 
Malathion 
Phosdrin 
DDVP 
Methyl parathion 
MAXIMUM CONCENTRATION 
ALLOWABLE2 
.08 ppb 
.08 ppb 
.07 ppb 
.05 ppb 
.04 ppb 
.02 ppb 
. 006 ppb 
• 38 ppb 
.33 ppb 
.11 ppb 
. 04 ppb 
.02 ppb 
1Eisler, 1969. Table 20 ~ , reference No. 4. 
~ 
TEST 0;(G7\I'H s:r, .L 
Crangon sep1:erns pino:a 
Crc:c1gor, s eoter:.: 0ir.osa 
Crangon se)<: emspinosa 
Crangon septems"Gir.osa 
Pagurus lor.qic ar;:ms 
Crangon septemsl)inosa 
C:rangon septemsp inosa 
Pagurus longica:rpu s 
Crangon septemspinosa 
Crangon septemspinosa 
Crangon septemspinosc. 
Crangon septemspinose:. 
Crangon septemspinosa 
Cra."l~On septemspinosa 
2Application factor = 0.01 of 96 hr. TLM 50 tor test orga."1ism shown. 
~ I 
! ! 
TABLE 19 
Comparative Values of Elements in the Environment'°' 
Seawater Earth Crust 
Marine Organisms Land Organisms 
Element Range (mg/l) Average (ppm) 
Range (ppm) Range (ppm) 
H Hydrogen 108,000 1,400 
41,000 - 52 ,000 55,000 - 70,000 
He Helium . 0000069 - .000005 .008
 .1 
Li Li t hium .18 - .1 20 
l - 5 .02 -
Be Beryllium . 0000005 - . 0000006 2.8
 .001 .1 
- .0003 
B Boron 4. 7 - 4.6 10 
20 - 120 SD - • 5 
c Carbon 28 200 
345 - 100, 000 280 , 000 - 465 ,000 
N Nitroge n 0.5 510 
15,000 - 75 , 000 30,000 - 100,000 
0 Oxygen 857,000 46 4,000 
400 ,000 - 470,000 186,000 - 410,000 
F Fluor i ne 1.4 - · i.3 625 
2 - 4. 5 . 5 - 1,500 
Ne Neon .00014 .005 
Na Sodium 10, 769 - 10, 293 23 ,600 
4, 000 - 48 ,000 4,000 - 1,200 
Mg Magnesium 1,350 - 1, 262 23 ,300 
s , ooo - s,200 1,000 - 3,200 
Al Aluminum l. 9 - .01 82 ,000 
10 - 60 . 5 - 4,000 
Si Silicon 4 - .02 281,500 
70 - 20,000 120 - 6,000 
p Phosphorus .1 - .07 l,050 
3,500 - 18,000 2' 300 - 44,000 
s Sulphur 901 - 884 260 
s,ooo - 19,000 3,400 - s,ooo 
Cl Chlorine 19,353 - 18,550 13
0 47,000 - 90,000 2,000 - 2,800 
Ar Argon .6 
3.5 .75 (Mammalian Blood) 
K Potass ium 387 - 376 20,900 
s,ooo - 52,000 7,400 - 1,400 
Ca Calcium 408 - 389 41,500 
1,500 - 300,000 200 - 260 , 000 
Sc Scandium . 00004 - .000004 22 
.008 - .00006 
Ti Titanium .00002 - .001 s, 700 
.2 - 80 .2 - l 
v Vanadium • 002 - . 0003 13
5 .14 - 2 1.6 - .15 
Cr Chromium .00025 - .00005 100
 l - . 2 ( 108) .23 - .075 
Mn Manganese .01 - .002 950
 l - 60 • 2 - ' 630 
Fe Iron .1s - .001 c10-9) 56, 300 
400 - 700 140 - 160 
Co Cobalt .0001 - .0007 
25 • 5 - 5 . 5 - .03 
Ni Nickel .006 - .0001 75 
.4 - 25 .8 - 3 
Cu Copper .01 - .0005 55
 4 - 50 2. 4 - 14 
Zn Zinc .021 - .005 70 
6 - 1500 100 - 160 
Ga Gallium .000007 - . 0005 15
 .s .006 - .06 
Ge Germanium .0000 7 - . 00006 5.4
 .3 
As Arsenic .03 - .0003 1
.8 • 3 - 150 . 2 
Se Se lenium . 006 - .00009 .OS 
.8 .2 - 1.7 
Br Bromine 66 - 65 2.5
 60 - 1,000 6 - 15 
Kr Krypton . 002 5 - .0003 
.0001 
Rb Rub i dium . 2 - .12 
90 20 - 7.4 17 - 20 
Sr Strontium l3 - 8.l 3
75 20 - 1400 14 - 26 
y Yttrium .0003 33 
.l - . 2 .04 - .6 
Zr Zirconium 2.2 x l0-5 165
 .l - 20 .3 - .64 
Nb Niobium .00002 - .00001 20 
.001 - 300 .3 
Mo Molybdenum .Ol - .0003 l. 5 
2.5 - .45 . 9 - .2 
- ..... ..... _ .................... ....... .. ---; u.L 
Ag Si lver . 000 3 - . 00004 .07 11 - ,2S .8 - . 006 
Cd Cadmium . 00001 - . 00011 .2 3 - .lS .6 - . s 
In I nd i um < . 02 .OS - 1 .016 
Sn Tin . 00 3 - . 0008 2 i • 2 - 20 .lS - . 3 
Sb Antimony . 000 33 - . ooos .2 .2 • 006 - • 06 
Te Tellurium .001 - .01 .02 - 2S 
I I odine .06 - .OS • s 1 - lSOO .42 - .43 
Xe Xenon .OOO OS2 - . 0001 .00003 
Cs Cesium . 002 - . oooos 2 .07 .2 - .064 
Ba Bar ium . 06 - .01 42S 30 - .2 (4000) 14 - .7S 
La L.:mthanurn . 0003 - 1 . 2 x lo-s 30 .1 - 10 . 0001 - • 08S 
Ce Ceri um . 0004 - s.2 x l o-6 60 320 - • 03 
Pr Praseodymium 2. 6 x lo-6 8.2 • s - s 46 
Nd Neodymium 9 . 2 x lo-6 28 . s - s 460 
Pm Promethium 
Sm Samar ium i. 1 x lo-6 6 . 04 - .08 .01 - .ooss 
Eu Europium 4 . 6 x l0-7 1.2 .06 - .01 • 021 - . 00012 
Gd Gadolinium 2.4 x lo-6 S.4 .06 70 
Tb Te rb ium .9 .006 - .01 • OOlS - . 0004 
Dy Dyspr os ium 2.9 x lo-6 3 .02 - .01 
Ho Holmium 8 . 8 x 10-7 1.2 .oos - .01 • s - 16 
Er Er bium 2.4 x l0-6 2.8 .04 - .02 2 - 46 
Tm Thul ium S. 2 x l0-7 .s • OOlS - • 00004 
Yb Ytterbium 2.0 x l0-6 3.4 .02 .00012 - .OOlS 
Lu Lute tium 4 . 8 x lo-7 • s .003 4.S - . 00 012 
Hf Hafnium 8 x l0-6 3.2 (.4 .04 - .01 
Ta Tant a lum 2. s x l0-6 2 410 
w Tungste n .00012 l. s .OOOS - .OS .oos - . 07 
Re Rhenium .uos - .001 .014 - .ooos 
Os Osmium .001S - .oos 
Ir I ridium .001 . 00002 ·- . 02 
Pt Pl atinum . oos - . 01 .002 
Au Gold .OOOOlS - .000004 .004 .012 - .0003 .04 - .00023 
Hg Me r cury . 0003 - . 00003 .08 .03 .046 - . OlS 
Tl Thallium < . 00001 . s .4 
Pb Le ad .006 - . 00003 13 .s - 8.4 2 - 2.7 
Bi Bis JJUl th . 000017 - . 0002 .17 . 3 - 0.4 .06 - .004 
Po Polonium 2 x io-10 lS - 17''"~ .1 - 600'"* 
At As t atine 
6 x iol6 - o. 6 x io- l s 4 x 10-13 Rn Radon 
Fr Franc ium 
3 x 1010 - 2 x 10-ll io- 9 - 7 x lo-9 Ra Rad ium 9 x lo-7 .7 - ls x lo-8 
Ac Actinium s. s x 10-10 
Th Thorium (. OOOS - . oooos 8.3 .003 - .03 . 003 - . l 
Pa Prot ac tinium 2.4 x 10-11_ 2.0 x lo-9 1.4 x lo-6 
u Uranium • OlS - . OOOlS 2.7 . 004 - 3. 2 .038 - • 013 
Np Ne ptunium 
Pu Plutonium .07 - 6.8 '"* 
Arn Americium 
Cm Curium .0001 
Bk Ber ke lium 
Cf Californium 
Es Ei nste i nium 
Fm Fe rmium 
Md Me nde l ev ium 
* Taken from various authors listed i n bibliography 
;": ;·~ n; R ;nt-0. ,..,,....:=at-; r;n R RP {"! .-l ka- l 
Table 20 
SUBSTJ\NCE 
Aluminum 
Ammonia 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Bromine: Br2 
Br03 
Cadmium 
Chlod ne (Ga·s) 
Copper 
Cyanides 
Fluoride 
Jr· on 
Lead 
Ma119~mese 
V<' Y'ClH'Y 
hc) ybdenum 
NAS - NAE 
HAZARD MINIMUM RISK 
1. S ppm 0.2 ppm 
0.4 ppm 0.01 ppm 
0.2 ppm 
--
0.05 ppm . 0.01 ppm 
1.0 ppm 0.5 ppm 
1. S ppm 0.1 ppm 
G.T. 5.0 ppm L.T. 5.0 ppm 
L.T. 0,1 ppm 
--
L.T. 100 ppm 
--
0,01 ppm 0.2 ppb 
0,01 ppm 
--
0,05 ppm 0,01 ppm 
10 ppb s ppb 
1. 5 ppm 0.5 ppm 
0.3 ppm 0,05 ppm 
0.05 ppm 0,01 ppm 
0.1 ppm 0.02 ppm 
0.1 ppb 
--
0.1 ppm 2 ppb 
LOCAL WATER MEAN SEA WATER TASK FORCE P~COi-!i·J:: l;D J.i. TI ON'S 
CONCENTRATIONS1 CONCENTRATIONS2 CORPUS CHRISTI BAY 
--
0. 01 - 1. 9 ppm 1. S ppm 
+ 0.9 - 6.0 ppm NH4 -- . -
0.2 ppm 
-
--
o.s - 0.3 ppb 0,1 ppm 
--
o. 3 - 30 ppb 
.-
0.03 ppm 
--
0.01 - 0.06 pprri i..o 
--
5 x 10"'".4 ppb o.s 
0.06 - 8.1 ppm 4,7 ppm L.T. 5,0 ppm 
65 ppm Br- _ ... L.T. 0,01 ppm 
--
L.T. 100 ppm 
--
0,01 - O~l ppb 0.001 
-- --
0.01 
0,8 - 21 ppb 0,5 - lO _ppb 0.02 
-- --
o.oos 
0,1 - 0,9 ppb 1. 3 ppm 1.0 
~ - · -._ ·. : ' ... 
0 - 0,8 ppm 0 .1 - 0 • 7 ppm "-- 2 :cl' 
. 0 - 7 ppb 0,3 - 6 ppb 0,01 
5 & o 15 ppb 2 - 10 ppb o.os 
--
0,03 - 0.3 ppb 0,0003 
--
0,3 - 10 ppb 0,01 
,' 
,. 
,. 
NAS - NAE 
SUBS'l'AN CE HAZARD MINIMUM RISK 
!):tosphorus 
(elemental) 
Selenium 
Silver 
Sulfides 
Thallium 
Uranium 
Vanadium 
Zinc 
References: 
1 ppb 
10 ppb 
5 ppb 
10 ppb 
0.1 ppm 
0,5 ppm 
0.1 ppm 
1 1. Parker, et. al., 1963. 
2. Parker , 1962~- . 
3. Hahl, et al., 1972. 
4. Hahl, et . aJ.., 1970. 
S. BlakeJ.y-and-Kunze , J.971. 
6. Holme~ , _et. _al., 1974. 
5 ppb 
1 ppb 
5 ppb 
0,05 ppm 
0.1 ppm 
0.02 ppm 
LOCAL WATER MEAN SEA WATER TASK FORCE REC'Oili.MEl!Dl\'rirJ~!S 
CONCENTRATIONS1 CONCEN'I'RJ\TIOl'-TS 2 CORPUS CHRISTI BAY 
O. OOJ. 
--
0.09 - 6 ppb 0.01 
--
0.04 - 0.3 ppb 0.001 
-- --
.01 open water G.T. 7 1 
depth 
.l .water L.T. 7' and 
anearobic sed. 
--
L.T. 0.01 ppb 0.00001 
--
0.15 - 15 ppb 0.1;-
0.3 - 2 ppb 1.0 
6 - 60 ppb 5 - 21 ppb 0.6 
2Bowen, 1966; Comar and Bronner, 1962; Florin, 1960; 
Frieden, 1972; Goldberg, 197 2; Jones, 1964 ; Miller , 1 9G9 ; 
Nicol, 1967; Stansby and Hall, 1967; VinegraJov , 1953. 
task force 1 s recommendations concerning local levels of these materials. 
High recommended levels of sulfides take into account the prevalence of 
wind driven resuspension of anaerobic sediments in shallow areas of the 
bay thus releasing sulfides. 
Since no limits for aqueous levels were described for toxic organic 
compounds, no recommendations are made here. However, Tables 21 and 22 
are presented as reference materials concerning toxicities of various 
materials in marine environments. The values shown in Table 21 were 
the lowest lethal concentrations found regardless of time of exposure 
or percent kill for any of the materials. This is due to the wide 
diversity of methods employed in these determinations. Table 22 shows 
the acute dose lethal to 50 percent of the birds, mallards and quail, 
which were dosed with materials which they might encounter in the local 
environment. The rationale for ingested doses was that birds were likely 
to ingest such materials with their food or during preening. No firm 
water quality criteria can be developed at this time for such toxic 
organic materials. 
A synopsis of this information, then reveals a lack of data in 
several areas. More information is needed concerning the sensitivity of 
organisms indigenous to Corpus Christi Bay to both organic and inorganic 
materials. Use of a standard method for determining such sensitivities 
is required. Such a method must take into account dose, time of exposure 
percent kill at that exposure. The 96 hr TLMSO method is recommended 
by this task force because of its present use in defining the proposed 
standards. The aqueous medium for these experiments should in all 
practical cases be filtered water from the bay system. There are 
drawbacks to this in that some materials may be antagonized in their 
toxicity by adsorption to suspended sedimentary particles which would 
Table 21 Toxicity levels for marine and e s tuarine organisms 
endemic to the Corpus Christi Bay area. 
SUDSTTJ~CE FISH CRUSTACEA PLANTS MOLLUSCS BIRDS
1 REFEREI,!CES 
-
--- ------ -
lI2ptach1or .8 ppb 8 ppb 10 ppm :_: 2000 ppm 48 ,37, 39 ,4,8 
Niac:i namide .42 ppm 27 
Cu .s ppm .03 ppm .025 ppm 36,29,26,25,10,23 
CuC0 3 
.14 ppm 28 
Cu sulfate ,5 ppm 28 
Mir ex .01 ppb 10 ppb 7 2400 ppm 9,46 
LAS detergent .1 ppm 1,32 
ABS detergent .7 ppm .s ppm 1,17 
DDT 1 ppm .s ppb .04 ppm .025 ppm 30 ppm 43,48,42,40,36,34, 30, 6., 22, 1, 2, 14 
pH 7 - 9 1 
Toxaphene 5 ppb .01 ppm . 25 ppm· 30.8 ppm 48,43,42,30,2 ; 
.Endrin .os ppb 1. 7 ppb .01 ppm .1?5 ppm/day 48,39,38,37,6,8,4 
Aldrin .s ppb .8 ppb .1 ppb 5 ppm/day 48,43,37,39,4,6 
DEF 6 
Baytex 
{ ' (' 1.0 ppm .5 ppm/day 6,48 
l. l~· 
Dibrom .1 ppm 52.2 ppm 6,48 
Fungicide w/tin 1 ppm 7 
Pure streptomycin l ppt 19 
SUBSTANCE FISH 
Commercial streptomycin 
Pure aureomycin 
Com~ercial terramycin 
Arochlor 1254 
DDE 
Dieldrin 
Fluoride 
Organic mercury 
compounds 
Pb 
Radiation 
Zn 
Cd 
Cr 
Lindane 
Endrin 
p, P' -DDT 
Delnav 
Haluthion 
Phosdr :i.n 
5 ppb 
.9 ppb 
.9 ppb 
( .· 4 ppb 
'-
' l"':: 
· • 027 ppm 
,065 ppm 
CRUSTACEA 
1 ppb 
1 PPP 
52 ppm 
5 ppb 
1. 7 ppb 
.6 ppb 
38 ppb 
33 ppb 
11 ppb 
PLANTS 
1 ppb 
2.5 ppm 
/ 
/ 
MOLLUSCS 
1 ppt 
3.2/10,000 
BIRDS1 RE: f'EREN CES 
19 
19 
19 1 ppb 
5 ppb >.> 2000 ppm 48,21,11,15,20 
.1 ppm 
32 ppm 
.1- .-2 ppm 
5,833 R 
.1 ppm 
-.1 ppm 
.1 ppm 
.5 ppm 
1 ppm 
10 ppm 
25 ppm 
-25 ppm 
10 ppm 12 
2.5 ppm/day 48,43,39,37,4,13 
18 
16 
5 
24 
29 
29 
29 
30 .1 ppm/ day 48, 4 3, .f 2, 39, 37, 4 
1485 ppm 
4.63 ppm 
43,39,37,4 
4, 39, 37 
4 
48,4,07,39 
\ 
48,37,4,39 
Table 2l - -, (cont. ) 
SUBSTANCE FISH CRUSTACEA PLANTS .MOLLUSCS BIRDS
1 REFERENCES 
I'.ethyl parathi on 5.2 ppm 2 ppb 25 ppm 10 ppm 48,4,39,37 
I-'.ethoxychlor .12 ppb 4 ppb 10 ppm 4,39,37 
S::d ium acid 
pyrophosp~ate 500 ppm 500 ppm 500 ppm 3 
Quadraf os 3,500 ppm 3 
Inpermex ' 500 0 ppm 1000 ppm 3 
Sojiurn polypho~phate 500 ppm 500 ppm 3 
Stabilite #9 500 ppm 500 ppm 3 
Caustic Soda 70 ppm 70 ppm 3 
Oil well cement 100 ppm 100 ppm 3 
Tarmex 100 ppm 90 ppm 3,33 
W:-tite lime 125 ppm 125 ppm 125 ppm 3 
. 
Parathion -1 ppm .01 ppm/day 43,30,48 
Silt .1 ppt 31 
' ., 
Kaolin .1 ppt 31 
CaC'03 .
1 ppt 31 
(' 
Bio:! cgradeable l' 
deter gent .25 ppm 32 
T:quagel . 110 ppm 33,3 
Turbidity i 200 ppm 33 
Dioxathion • 6 ppb .038 ppm 25 ppm . 37,39 
.L ct.LJ..L t L....L -~ \. L!OJ IL.• ) 
SUBSTANCE FISH CRUSTACEA PLANTS MOLLUSCS BIRDs1- REFEREl'!CES 
---
Hg 12 ppm 41 
Dipterex SO ppm 1 ppm 42,43 
300 ppm 1 ppm 3.56 ppm 48,42,43 ' ) TEPP 
P:tenol 10 ppm 10 ppm 42, 43 
Do'::acide A SO ppm 1 ppm 42,43 
o~thodichlorobenzene 7.6 ppm 10 ppm · 42,43 
c:11oron i_ tropropane 8 ppiil 42 
PV?-iodine 20 ppm 42 
Sevin .1 ppm 1 ppm 125 ppm 48,42,43 
Na barn .1 ppm -.5 ppm > 2560 ppm 48,42,43 
Lignasan .6 ppb 42 
Fenuron .29 ppm S ppm . 42,43 
l~eburon .04 ppm 2.4 ppm 42,43 
}1cmu ron 1 ppb .. S ppm 42 
Di uron .02 ppb 1 ppm > 2000 ppm 48,42,43 
Do· .. :acide G .25 ppm ( ' 43 
.2 ppm I._~ 43 Roe cal 
!ier-.~agon .25 ppm 66.8 ppm 43,48 
CT(oramphcn'.i.col 10 ppm 43 
Delrad .OS ppm 43 
SUBSTANCE 
Sulmet 
~ 
Trichlorobenzene 
' ) 
Acetone 
Allyl Alcohol 
Niagara compound N-3452 
Niagara compotind N-3514 
Dicupthon 
Guthion 
Zineb 
Cationic surfactants 
Anionic surfactants 
Nonion i c surfactants 
Table .?.l ' (cont. ) 
FISH CRUSTACEA PLANTS 
--
MOLLUSCS BIRDS1 REFERENCES 
10 ppm 43 
lG 1 ppm 43 
. ) 
100 ppm 43 
.25 ppm 43 
1 ppm 43 
-1 ppm 43 
1 ppm 43 
.s ppm 8.75 ppm/day 43,48 
) 2000 ppm 48 
.3 ppm 44 
1.15 ppm 44 
2.33 ppm 
lThcse values are dosages either i11gested, . injected or assimilated from topica l appJjcation . Un its 
are derived from milligrams of dose per kilogram of body weight. The symbol ' .· · equ0ls Hmuch gre,1tcl' 
than 11 • 
' 
Table · ·2 2 Toxicity levels for birds endemic to the Corpus Cr.risti 
1 Bay area. . 
SUBSTANCE 
Abate 
Accothion 
Actidione 
:n.grox 
Akton 
1Uletr.rin 
Arninot1 ia=.01e 
Atrazine 
Azodrin 
Bal an 
Bay 37289 
Baygon 
Bidrin 
Bo~deaux mixture 
Bo tr an 
Casoron 
Ceresan L 
Ceresan M 
Chlordane 
Ciodrin 
CIPC 
Co-Ral 
Co tor an 
2, 4-D 
Dasanit 
Diazinon 
Diesel oil #1 
Dimethoate 
Diquat 
Disyston 
D.M. 7537 
Dursban 
Dyrene 
Elgetol 
EPN 
Farnophos 
Fol pet 
FuradcJn 
Gardona 
GC 6506 
Gophacide 
GS 13005 
Imidan 
IPC-400 
Landrin 
Lannate 
Matacil 
Merna RM 
Mestrano1· . 
LD 50 DOSE2 
2.5 ppm/day 
10 ppm/day 
50 ppm 
:> 2000 ppm 
> 2000 ppm 
· '>;) 2000 ppm 
~- .2000 ppm 
> 2000 ppm 
.25 ppm/day 
> 2000 ppm 
5.66 ppm 
6 ppm/day 
.250 ppm/day 
';"> 2000 ppm 
":- 2000 ppm 
! 2000 ppm 
30 ppm/day 
) 2262 ppm 
1200 ppm 
790 ppm 
"> 2000 ppm 
29.8 ppm 
) 2000 ppm 
>.> 1000 ppm 
.749 ppm 
3.4 ppm 
20 ppm 
6 ppm/day 
564 ppm 
4.24 ppm 
< 2. 5 ppm 
25 ppm 
> 2000 ppm 
22.7 ppm 
3.08 ppm 
9.87 ppm 
> 2000 ppm 
1 ppm 
>> 2200 ppm 
1.12 ppm 
24 ppm 
23.6 ppm 
- 96 ppm 
'7 2000 ppm 
16.8 ppm 
7.5 ppm/day 
22.S ppm 
1059 ppm 
' ' ·1000 ppm 
SUBSTANCE 
Viet a- systox-R 
Mobam 
Nicotine sulphate 
Norbormide 
Nucleopolyhedral 
OMPA 
Panogen 
Phosphamidon 
Phygon 
Py:rethrum 
Rotenone 
SD 7727 
SD 11831 
SD 15418 
Sil vex 
LD 50 DOSE2 
53.9 ppm 
·· 40 ppm/day 
6 ppm 
' 3000 ppm 
virus'l36l ppm 
36.3 ppr.1 
56.1 ppm 
3.05 P?i:l 
-;· 2000 ppm 
~, lO, 000 ppm 
··,· 2000 ppr.1 
> 2000 ppm 
100 pp~.1/day 
150 p:cxn 
500 ppm 
Sodium arsenite 
Sodium monofluoro-
323 ppm 
acetate 
Strychnine 
Sulf oxide 
·Supona 
Systox 
Telodrin 
Tenor an 
TEPA 
Thi met 
Thiodan 
Thi ram 
Thuricide 
Tor don 
Tref lan 
Trithion 
Zectran 
Zectran (acylated) 
.5 ppm/day 
2.9 ppril 
~· 2000 ppr.1 
85.5 ppm 
2.5 ppm/day 
4 . 15 ppm 
2000 ppm 
8.54 ppm 
.09 ppm 
33 ppm 
"> 2800 ppm 
>> 2000 ppm 
/ 2000 pj;:>m 
>- 2000 ppm 
121 ppm 
1. 25 ppm/day 
i' 2000 ppm 
1Tucker and Crabtree, 1970. 
2These valuse ~~e dos&ges either ingested, injected or assimilated from topical 
application. Units are derived from milliqrams of dose nar kilonr,;;;m horl u wo.; ,...i.., . 
be removed by filtering. This would lead to erroneously high 96 hr 
TLMSO values in such cases. A_final information need is the 
concentration of the various toxic organic materials in the local 
waters. 
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